19 in the CHR significantly affected the aggregation rate. This is seen as an extended half-time and steeper concentration dependence suggesting a change in aggregation mechanism relative to the wild type protein. We also studied co-aggregation and cross-seeding between the kinetically faster Ab42 and the slower Ab40. The aggregation process starting from mixed monomers displays two transitions and our data imply that there is cross-reactivity between Ab40 and Ab42 at the level of primary nucleation only, while fibril elongation and surface-catalysed secondary nucleation are highly specific events. In contrast, co-aggregation of Ab42 with the slower mutant F19L only displays a single sigmoidal transition and the cross-seeding is as efficient as the self-seeding. The main reason for the discrimination in the different pathways is the length at the C-terminus rather than the difference in intrinsic aggregation rates. To further investigate the relative role of intermolecular interactions we changed the temperature to provide information on energy barriers and their enthalpic and entropic components. With an analytically solved model we could do a global fitting to estimate the activation energy for Ab42 for the primary nucleation, secondary nucleation and elongation.
1
Department of Chemistry, Stanford University, Stanford, CA, USA, 2 Department of Biology, Stanford University, Stanford, CA, USA. The identities of toxic aggregate species in Huntington's disease (HD) pathogenesis remain ambiguous. While polyQ-expanded mutant huntingtin (Htt) is known to accumulate in compact inclusion bodies inside neurons, this is widely thought to be a protective coping response that sequesters misfolded conformations or aggregated states of the mutated protein. To define the spatial distributions of fluorescently-labeled Htt-exon1 species in the cell model PC12m (terminally differentiated into sympathetic-neuron-like cells with nerve growth factor), we employed highly sensitive single-moleculebased and stimulated emission depletion (STED) super-resolution fluorescence imaging modalities. In addition to inclusion bodies and the diffuse pool of monomers and oligomers, fibrillar aggregates~100 nm in diameter and up to~1-2 mm in length were observed for pathogenic polyQ tracts (expression experiments with 46 and 97 repeats) after targeted photo-bleaching of the inclusion bodies. These short structures bear a striking resemblance to fibers described in vitro. We identified a sharp cut-off behavior of maximum fibril length and documented the ensuing bundling of these fibers into denser arrangements of varying complexity, both in the cytosolic space and inside the neuritic processes. Protein amyloid aggregates are implicated in a variety of debilitating human disorders such as Alzheimer's, Parkinson's and prion diseases. The transition from a normal functional protein to an abnormal misfolded form involves a profound conformational change that serves as the key step in amyloid assembly leading to nanoscopic oligomers, pores and fibrils. Using Raman spectroscopy in combination with atomic force microscopy ( Figure 1a,b) , we have been able to delineate the key structural transitions during amyloid formation (Bhattacharya et al. J. Phys. Chem. Lett. 2013,4, 480-485) . Moreover, the underlying molecular mechanism by which amyloids are involved in inducing cellular toxicity remains elusive because the conventional optical microscopy does not allow one to monitor these processes directly at a high spatial resolution due to the diffraction-limit. Using nearfield scanning fluorescence microscopy, we have been able to image the fibrils far beyond the diffraction-limit and interrogate individual fibrils by simultaneously monitoring both nanoscale topography and fluorescence brightness along the length of the fibrils (Figure 1c 
3462-Pos Board B190 Atomistic Simulations Lend Mechanistic Insights into Plausible Ways of
Perturbing the Nucleation Thermodynamics of the Full-Length Ab Peptide Asis K. Jana, Neelanjana Sengupta. CSIR-National Chemical Laboratory, Pune, India. Self-assembled forms of the 4 kDa amyloid beta (Ab) peptide, itself formed from proteolytic cleavage of the membrane embedded precursor, is strongly implicated in the onset of the neurodegenerative Alzheimer's disease (AD). While amyloid aggregates found in patients' brains are predominantly composed of the peptide's fibrillar forms, its soluble oligomers have been reported to aggravate the peptide's neurotoxicity. It is recognized, however, that all self-assembly pathways arise from the peptide's initial nucleation, and therefore eliciting mechanistic details of this process as a function of physico-chemical conditions could unearth valuable strategies for disrupting the peptide's neurotoxicity. With atomistic molecular dynamics simulations, we have shown very recently that the full-length peptide undergoes enthalpydriven adsorption on the hydrophobic surface of high curvature (Biophys. J. 2012 (Biophys. J. , 102, 1889 Phys. Chem. Chem. Phys. 2013, 15, 837) . The process, initiated by the peptide's central hydrophobic core (L17VFFA21), is comprised of a dewetting transition followed by p-p stacking interactions with the surface. We report here the effect of the hydrophobic surface on the initial dimerization process of the full-length Ab. While the interactions with the surface cannot out compete the strong monomer-monomer interactions, they are capable to a large extent in destabilizing pre-formed Ab dimers. We further performed adaptive biasing force based free energy calculations to compare the Ab trimerization process arising from addition of a monomeric unit to the surface adsorbed, weakened dimer complex, to that in pure solution. Our results indicate that presence of hydrophobic surfaces is likely to weaken the initial nucleation processes, and could eventually slow the self-assembly kinetics. These results should be of significance in the design of therapeutics aimed at countering the neurotoxic effects of Ab oligomers.
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The Formation of Higher Order Structures by the Neuronal Protein Alpha-Synuclein: Self-Assembly Over Multiple Length Scales Slav Semerdzhiev 1 , Mireille Claessens 2 , Vinod Subramaniam 1,3 . 1 Nanobiphysics, University of Twente, MESAþ, Enschede, Netherlands, 2 nanobiphysics, University of Twente, MESAþ, Enschede, Netherlands, 3 AMOLF institute, Amsterdam, Netherlands. Alpha-synuclein (aS) is an intrinsically disordered neuronal protein that can self-assemble in vivo into amyloid fibrils. aS fibrils are chemically and mechanically very stable and once formed they tend to accumulate in the tissue. Such fibrillar deposits known as Lewy bodies and neurites are distinct signatures of Parkinson's disease. We demonstrate the hierarchical self-assembly of aS fibrils into mesoscopic structures in vitro. The morphology of these structures is well-defined and depends on the physicochemical conditions at which the aggregates are formed. The observed phenomenon seems to be governed by the interplay between long ranged repulsion and short ranged attraction. Once the multiple negative charges on the fibrils are sufficiently screened at high enough salt concentration or neutrilized at appropriate pH level the electrostatic repulsion is minmized allowing the short range attraction (hydrophobic) to take over and drive the fibrils into supra-fibrillar assemblies. Our findings suggest that the balance between those two types of interaction is not only crucial for the initiation of the self-assembly process but it also controls the morphology and finite size of the supra-fibrillar aggregates giving rise to a rich phase behavior. Howard Hughes Medical Institute -Janelia Farm Research Campus, Ashburn, VA, USA. Mitochondrial anti-viral signaling (MAVS) protein is a critical adaptor required for innate immune responses against RNA viruses. In virusinfected cells MAVS forms prion-like aggregates to activate antiviral signaling cascades, but the structural mechanism underlying such aggregation is unknown. Here we report cryo-electron microscopic structures of the helical filaments formed by both the N-terminal caspase activation and recruitment domain of MAVS and a truncated MAVS lacking its C-terminal transmembrane domain. Both structures display a left-handed three-stranded helical filament, revealing specific interfaces between individual subunits that are dictated by electrostatic interactions between neighboring strands and conserved hydrophobic interactions within each strand. Point mutations at multiple locations of these two interfaces impaired filament formation and antiviral signaling. Super-resolution imaging of virus-infected cells revealed the spatial features of rod-shaped MAVS clusters on mitochondria. These results elucidate the structural mechanism of MAVS polymerization, and explain how an a-helical domain uses distinct chemical interactions to form self-perpetuating filaments. Nearly all proteins and peptides have the ability to self-assemble into amyloids when they are denatured. These highly ordered nanofibrils exhibit superior mechanical properties, which are relatively insensitive to their protein amino acid sequence. This makes them attractive candidates for applications in materials science and food industry. However, their remarkable stability constitutes a problem in the context of amyloid-related diseases, where amyloids accumulate in tissues. Despite the wide interest in amyloids, the understanding and description of their mechanical properties is still limited. Our goal was to investigate both the micromechanics of individual fibrils and the emergent mechanics of networks on the mesoscopic scale. We will show macroscopic rheology and laser tweezer microrheology of the viscoelastic properties of amyloids formed from hen egg white lysozyme (HEWL). The macroscopic rheology of the networks will depend both on the stiffness of the fibrils and the energetics of their interactions. Therefore we show for the first time for the same system also measurements of the high bending rigidity based on fluorescence microscopy of single, fluctuating fibrils in solution. The high persistence length was further confirmed using atomic force microscopy (AFM) imaging. With laser tweezer microrheology we show the local properties of fibrils in networks. By using rheology in combination with small-angle neutron scattering (rheo-SANS), we show that the shearthinning response results from fibril alignment. In conclusion, our results give a comprehensive description of the mechanical properties of single amyloid fibrils as well as networks of fibrils.
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Recognition of Amyloidogenic Segments Based on Site Specific Aminoacid Pairwise Correlations Pawel Gasior, Malgorzata Kotulska. Wroclaw University of Technology, Wroclaw, Poland. Amyloids are proteins forming aberrant intramolecular contact sites characteristic of fibrils instead of functional structure. Recent studies show that only short segments of aminoacids can be responsible for amyloidogenic properties. Here we propose an original machine learning method for classification of biological sequences based on discovering a segment with a discriminative pattern of correlations between sequence elements. The pattern is based on location of correlated pairs of elements in the window. The algorithm first recognizes the most relevant training segment in each positive training instance. Then the classification is based on maximal differences between correlation matrix of the relevant segments in positive training sequences and the matrix from negative training segments. The method was applied for recognition of amyloidogenic fragments in aminoacid sequences. It was trained on available datasets of hexapeptides with the amyloidogenic classification, using 5 or 6-residue sliding windows. Depending on the choice of training and testing datasets, area under curve of receiver operating characteristic (AUC ROC) of the method obtained the value up to 0.80 for experimental, and 0.95 for computationally generated (3D profile) datasets. The method reveals the characteristic correlation pattern of the data. Moreover, the method finds the segments with the strongest classification pattern, also in long training sequences. The method, applied to the problem of recognition of amyloidogenic segments, showed a good potential for various classification bioinformatical problems. C into same pathogenic isoform. One of possible mechanisms of pathogenic prion structure replication is elongation of amyloid-like fibrils. Deeper insight into mechanism of mammalian prion fibril elongation may be important for better understanding of proteinaceous infectivity.Here we studied elongation of murine prion protein fibrils. Due to quiescent conditions, we can avoid most of nucleation processes (such as primary nucleation and fragmentation of fibrils), means the observed rate of fibrillation should be very similar to the rate of elongation. As observed rates at different temperatures give a good enough correlation when plotted in Arrhenius coordinates it is possible to estimate activation energies of fibril elongation under different conditions. We did experiments at a range of guanidinium hydrochloride (GuHCl) concentrations and were able to determine two different activation energies representing fibril elongation using folded PrP and unfolded PrP.
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Pyroglutamylated Amyloid-Beta Peptide Reverses Cross Beta-Sheets by a Prion-Like Mechanism Jason O. Matos, Greg Goldblatt, Suren A. Tatulian. University of Central Florida, Orlando, FL, USA. The amyloid hypothesis causatively relates the extracellular fibrillar deposits of amyloid beta peptide (Abeta) to the Alzheimer's disease (AD). More recent data, however, identify the intracellular oligomers as the major cytotoxic entities. Pyroglutamylated Abeta (pE-Abeta) is present in AD brains and exerts augmented neurotoxicity by an unknown mechanism. The hypertoxicity of pEAbeta is believed to result from its higher beta-sheet propensity and faster conversion into fibrils. While this concept is based on a set of experimental results, others have reported similar beta-sheet contents in unmodified and pE-Abeta, and even slower aggregation of pE-Abeta as compared to unmodified Abeta, leaving 684a
